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A summary of moduius of elasticity (MOE) and knot
data is presented ftor grades o lumber commonly used
to manutfacture glued-laminated (glulam) timber by the
laminating ndustry. Tabuiated values represent 30 dif-
ferent studies covenng a time span of over 16 yeers.
Statistical estimates of average and near-Mmaximum
knot 3i208 88 weoli 88 Mmean and coesfticient of variation
for MOE are given. Moduius of elasticily values are
compared with those mmmw.'\

Resuits wiil be heiptul 1o organizations prepanng and
evaluating specitications for giulam timber
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A summar; of modulus of elasticity and knot size
surveys for laminating grades of lumber, by R. W. Wolfe
and R. C. Moody, Madison, Wis., FPL 1981.

20 p. (USDA For. Serv. Gen. Tech. Rep. FPL-31).

A summary of modulus of elasticity (MUE) and knot
data is presented for grades of lumber commonly used to
manufacture plued-laminated (glulam) timber by laminating
industry, statistical estimates of average and near
maximum knot sizes as well as mean and coefficient of
variation for MOE are given. MOE values are compared
with those published for design.

Keywords: glulam, modulus of elasticity, knot,
continuous lumber tester (CLT)}, E-computer.
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For many years, USDA Technicat Bulietin No. 1009 (8¢
hag provided the basis for the manutfacture and design
of gived-laminated (giulam) timber. ASTM Standard D
3737 (8), incorporates many of the concepts for
establishing stresses from Technical Bulletin No. 1000,
88 well a8 significant modifications in many areas
where new data are available. With ASTM D 3737, bend-
ing stresses for giulam combinations can be deter-
mined by using the lumber properties which are a clear
wood design stress in bending for the species, and
both modulus of elasticity (MOE) and knot properties
for the grade. Clear wood design stress values for
severs! species are listed in ASTM D 3737 and pro-
cedures for obtaining thess siresses for other species
oo aleo given. The other two factors, MOE and knot
properties, may be obtained trom surveys on lumber
veed for laminating. The purpose of this report is to
summarize MOE and knot data from lumber that was a
part of research studies conducted between 1983 and
1979. Such data will be helpful in establishing
specifications for glulam timber.

' Maintained at Madison, Wis. in cooperation with the Univer-
sity of Wisconsgin.
! takicized numbers in parentheses refer o literature cited at
ond of this report.

A Summary of
Modulus of Elasticity
and Knot Size Surveys
’ 'For Laminating
 Grades of Lumber.

Material

Most glulam timber used in the United States is made
ot either Douglas-tir or southern pine lumber. In addi-
tion, the hem-tir grouping of lumber aiso provides a
significant voiume of material. Thus, the primary em-
phasis of this report will be on these three species
groups. However, where signiticant amounts of lumber
from other species groups were used in a research
study of giuiam timber, they are aiso listed in appendix
H. Further details of the material for each study are
given in appendix |.

Metheds of Determining Properties

Ditferent techniques were used to measure MOE and
knot sizes in the many ditferent sources of data. Also,
techniques used to measure moisture content and
specific gravity, two properties which are helptul in in-
torpreting MOE data, often ditfered.

Medulus of Elesticity (MOB)

Methods used to obtain MOE data may be placed in
two general categories— machine measurement and
static teat. The methods used to measure MOE values
tor most ot the lumber were techniques which mini-
mized the influence of shear deflections.




Machine Measurement.—The two MOE measuring
methods used included the E-computer and the con-
tinuous lumber tester (CLT). The E-computer bases the
MOE determination on the natural frequency of vibra-
tion of a piece tested flatwise over a span of nearly its
full length. The CLT is a commercial stress-grading
machine which classities lumber into ditterent MOE
categories based on both minimum and average MOE
measured over a short span at increments along the
length. It does not give specific data for each piece;
and no specific MOE data were obtained by the CLT.
Thus all data for machine measurement of MOE are
trom an E-computer.

Static Test.—Variations in methods of measuring MOE
by static tests make the comparison of different dats
difficult. In some of the data sources included in this
study. the MOE measurements were made by applying
a concentrated load near the center of a span between
two simple supports and measuring the displacement.
Conventional engineering analysis was then used to
determine MOE. in other cases, the siope of the linesr
portion of the load-deflection curve was determined for
a static test to failure. Variations in specimen orients-
tion and span-to-depth ratio may aiso lead to probiems
in comparing data from different sources. Thus,
sithough data are included. caution is advised in using
1t for comparison purposes.

Knot Measurement Methods

Four difterent techniques have been used t0 measure
knot sizes. These techniques are referred t0o as the
displacement, worst face, random surface, and
weighted surface methods.

Displacement Method.—The method most commonly
used for recent knot surveys conducted by the FPL has
been termed the dispiacement technique. it invoives
measuring a knot's width (dimension paraliel to the
width of the iumber) on both faces of a piece of lumber
and taking an average vaiue as an estimate of the pro-
jected area occupied Dy the knot.

Werst Face Methed. —The worst face method records
the largest width tor a given knot or the width on the
bark side of the piece.

Rendom Surface Method.—The worst face method
adds a bias to the high side of knot-size data. By alter-
nating bark side-pith side or randomiy seiecting the sur-
face on which knots are to be measured, this bias may
be decreased or possibly sliminated.

Weighted Surface Methed.—This method is sometimes
used on lumber designated for beam manufacture. Knot
diameters are measured on the surface of the lamina.
tion which will be farthest from the neutral axis of the
beam. It likely corresponds closely with the random
surface method.

Two of the studies noted in appendix |l (sources 23 and
24) were designed to obtain knot data on grades of
lumber used in laminating and thus represent the best

eostimate of knot properties. More detaiis on the sampi-
ing procedures are given in appendix |.

Moisture Content

Field measurements of moisture content were made ve-
ing commercial moisture meters which rely on the
change in the electrical properties of wood with 8
change in moisture content.

Determination of Speeific Gravity

In many cases, specific gravity was estimated based on
the approximate ovendry weight and volume st time of
test. However, in 30Me CasEs sampies were taken for
specific gravity determination by methods deecribed in
ASTM D 2306 (2).

T
Thirty separate studies were reviewed to obtain the
MOE and knot data tabulated in appendix Ii. An at-
tempt was made to compare these studies on a com-
mon basis in order to derive distribution parameters
which are representative of the population.

Medulus of Elasticity
Vaiues for mean and coefficient of variation (COV) for

MOE were obtained from 18 of the studies reviewed. in
each case, vaiues were adjusted to 12 percent moisture
content using procedures given in ASTM D 2018 (¢). If
individual vaiues of MOE and moisture content were
available, a new COV was derived for the 12 percent
values, otherwise, COV was assumed to be unchanged.
No adjustments were made tor ditterences \n span-
depth ratio.

Douglas-fir and southern pine were the only species for
which the number of studies. consisting of over 70
tosts, were sufficient 10 warrant statistical considers-
tion in the derivation of representative vaiues for mean,
COV. and a 90 percent confidence range on the meen.

Knet Sizee

Knot data were reported in the form of knot maps
iisting coordinates for each knot in sach piece of
lumber. The three coordinates included the distance
from a zero end to the center of the knot and distances
from a zero edge to the top and bottom borders of the
knot. A computer program, which foliowed procedures
given in USDA Technical Bulietin No. 1000, was used to
interpret these knot maps. The program assumed all
knots to be cylindrical in shape with a diameter equal
to the knot width and a length equal and paraliel to the
lumber thickness. Knot areas (length x width) in each
1-foot interval were projected onto the lumber cross
section (tig. 1). The lumber cross section area occupied
by projected knots was then stored as the “‘sum of
knots.” This summation was caiculated for 1-foot inter-
vails taken at 0.2-foot increments along the length. inter-
vals measured within the last foot of sach piece
overiapped the first toot 80 that the full length of each
piece of lumber was included.

The computer program determined the total number of
1-foot sections for various sums of knot sizes and
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Figure 1. —Assumed cross-sectional aree of knots in 1-foot
ntervel of unit depth projected or. end of the
miorvel.

prepered a listing of the number of 1-foot sections with
oach knot size. The average sum of knot sizes was
determined for the verious grades. Also from this
listing of data, cumuliative distribution functions were
plotted on normal probability paper. A normal distriby-
tion appears linear on such graph paper and previous
data have agreed reasonably well with a truncated nor-
mal distribution. The point corresponding to the 1/2 per-
osnt upper exclusion limit (0.986 percentile) provided an
estimate of the near-maximum sum of knot sizes for
the grade.

Dete Presontation

Tables ! and 2 summarize the most significant MOE
and knot data from surveys covered in this study. Also
shown in table 1 are the iong span design values for
various grades published by the American Institute of
Timber Construction (AITC) that were used as a basis
for their 1979 specifications.

Detla presented in table 2 were taken from two knot
WIVeYS (SOWICes 23 and 24 listed in appendix i)

Values obtained from individual studies are tabulated
in appendix Hi. Tables H-1 through i1-3 contain informa-

tion for visusl grades and tables H4 10 -7 present
knot distribution data for E-rated or machine-stress-
rated (MSR) lumber.

Dlscussion

Average MOE for the 4 grades of Douglas-tir (table 1)
exceeds the long span design vaiue Dy between 2 and
12 percent. The average MOE of the southern pine
lumber was cioss 10 the design values, with 3 of the 4
grades averaging within 2 percent of the iong span
design vaiue. The fourth group of southern pine, No. 2
MG grade, was 7 percent iess than the design valve.
The expected trend for decreasing MOE with decreas-
ing grades is apparent but there appears to be no ef-
fect of grade on the coetticient of variation in MOE.

The vaiue of the average projected knot size for
Douglas-tir isminating grades of lumber, reported in
table 2, is essentially the same as that reported in the
last! major study of knot sizes (source 1, appendix ).
However, corresponding values for southern pine are
slightly larger for the No. 1 grade and significantly
larger for No. 2 (7). This is probably due 10 interim
changes in the grade descriptions. in both cases,
statistically determined near-maximum Of upper-
exclusion vaiues have incressed.

Knot sizes for the joist and plank grades of Douglas-fir
were expected to be comparabie to those of the
laminating grades (8, 8) on the basis of maximum knots
permitted in the two grading systems. Select structura!
(SS) had smalier knots than L1, No. 1 and No. 2 are
similar to L2; and No. 3 is similar to L3. There was only
2 small difference betwesn NoO. 1 and No. 2 which
would question the advisability of using both grades.
Rather, No. 2 could contain both grades with littie ef-
tect on the beam properties.

Table 1.~Summary of medulus of olastieity data for sampies of Dougise-tir and southern pine containing more then 70 pieces

. odueoielsstclty o
Number Coefficient 90 Peroent Long span Ratio of
Orade plosss : Meen of oenfidence values used mean to
omber variation’ intervel as basie long spen
on Mmasn for design’ design basls
ien Pot Milkion
.’ hin.!
DOUGLAS-FIR
L 1,034 233 175 2.18-2.20 21 1.08
L20 300 213 19.4 1.95-2.31 19 1.12
L2 1,108 1.8 1.8 1.74-1.92 18 1.02
[ ] 22713 1.68 20.2 1.56-1.72 16 1.05
SOUTHERN PINE
No. 10 7 1.98 18.2 1.85-2.06 2.0 98
No. 1MG 301 1.83 217 1.63-2.03 18 1.02
No. 20 1,000 1.7 18.9 1.71-1.81 18 90
No. 2MG 2.288 1.40 224 1.27-1.53 1.5 9

2
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iciont
, T

of variation = stendard devistion/mean.

|

117-79, table 4-1.

deta sdjusated 10 12 pct moisture content with ASTM D 2915,

Dy the Americen Institute of Timber Construction, Determination of Design Values for Structural Glued Laminated




Tebie 8. ~Summery of hnet date tor lamineting grades’

Grade teot surveyed anot sioe knot sise v
Pot

Pt o

DOUGLAS-FIR LAMINATING GRADES BY DENSITY CLASSIFICATION

L1C 2,870 74 »s 24
L1 (dense) 2910 (X ] 387 323
LM 2,900 1.0 $0.2 N2
L20 2.980 95 46.7 37.2
L 2,940 116 $8.0 484
DOUGLAS-FIR GRADES COMBINED DISREGARDING DENSITY
L 5,780 (X 0.3 24
L2 $,910 10.3 484 38.1

DOUGLAS-FIR JOISTS AND PLANK GRADE

88 4,150 56 3.3 30.7
N1 4,200 98 471 373
N2 4,200 10.8 518 40.7
N3 4,150 10.4 58.7 483

SOUTHERN PINE GRADES BY DENSITY CLASSIFICATION

No. IMG 2,730 34 38.0 e
No. 1D 2,600 3.2 316 28.4
No. 2MG 2,800 1.7 434 37
No. 2D 2,620 8.1 520 439

SOUTHERN PINE GRADES COMBINED DISREGARDING DENSITY

No. 1 5,420 3.3 35.6 323
No. 2 5,220 79 515 436

' Data from sources 23 and 24 listed in appendix Ii.
! Difference between the near-maximum and average sum of knot sizes.
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APPENDIX |
Sources of Data

This appendix provides a reference to data sources
cited in appendix |l. The sources are listed in
chronological order along with a brief description of the
data collected. The primary listings following each
source number identify the species of lumber con-
sidered in the study. If the research results which pro-
duced the data are available in the form of a published
report, a compiete reference is also provided. For those
sources labeled unpublished, the raw data are on file at
the Forest Products Laboratory.

Source 1: Early FPL-Industry Surveys

Knot data were collected for Douglas-fir and southern
pine during the 1950's and early 1960's by lumber
associations in the United States. These data, although
never published, were used in preparing specifications
tor glued-laminated timber prior to 1976.

Little information is available regarding sample sizes,
methods of seiection or knot measuring technique for
these surveys. information on file at FPL suggests that,
in early surveys, industry representatives measured the
widths of knots on the worst face, i.e., maximum
dimension. Conversation with a representative who par-
ticipated in one survey indicated that the random sur-
face method was aiso used, i.e., the widths of knots
were measured on the bark side of one piece and the
pith side of the next.

Source 2: Canadian Western Hemiock

Littleford, T. W.

1983. Knot frequency study of laminating grades for
western hemlock. Canada Dep. ot For. Publ. No.
1009.

Knot data were collected for four Canadian laminating
grades of western hemiock. The total sampie of 360
pleces was collected from four large west coast saw
mills and inciuded 90 pieces of each grade (A, B, C,
and D). For each grade, 45 pieces were of nominal 2 x 6
and 45 were 2 x 10. The knots were measured using the
“displacement technique” and sizes were recorded to
the nearest 1/4 inch.

Sources 3-5: Southern Pine Lumber Studies

Doyle, D. V., and L. J. Markwardt.

1088. Properties of southern pine in relation to strength
grading of dimension lumber. U.S. Dep. Agric. For.
Serv. Res. Pap. FPL 84. For. Prod. Lab., Madison,
Wis.

Doyle, O. V., and L. J. Markwardt.
1987. Tension paraliei-to-grain properties of southern

pine dimension lumber. U.S. Dep. Agric. For. Serv.
Res. Pap. FPL 84. For. Prod. Lab., Madison, Wis.

Doyle D. V.

1968. Properties of No. 2 dense kiln-dried southern pine
dimension lumber. USDA For. Serv. Res. Pap. FPL 96.
For. Prod. Lab., Madison, Wis.

These 3 studies included modulus of elasticity (MOE)
data for over 1,500 pieces of southern pine lumber ob-
tained from milis in the 10 major southern pine produc-
ing states. All lumber was graded as No. 1, No. 2, or
No. 3 according to the 1963 SPIB rules. Lumber sizes
included 2 by 4, 2 by 8, and 2 by 10. Modulus of
elasticity values determined by bending test, tension
test, or compression test are included.

The edgewise static bending test for determination of
edge MOE, followed the ASTM standard D-198 (7) with
provision for buckling restraint. Flatwise bending stiff-
ness was determined by applying weights at two points
and measuring the increase in deflection. For the com-
pression MOE measurement, special methods were us-
ed to prevent buckling. Deformation was measured with
dial gages over a gage length equatl to the nominal
length of the specimen minus 6 inches.

Knot size data from these studies were not included.

Source 6: Canadian Douglas-fir

Littleford, T. W.

1967. Tensile strength and modulus of elasticity of
machine graded 2 by 6 Douglas-fir. West. For. Prod.
Lab. of Can. VP-X-12.

This lumber sample consisted of 320 pieces of 2 by 6
lumber comprising 5 Canadian visual grades.

Lumber was obtained from three sawmills and one
laminating plant in British Columbia. Four visual
grades were regraded on a CLT-1 mechanical stress-
grading machine using 1965 WWPA rules. Modulus of
elasticity in flexure was determined by foading at 1/5
points over a span of 115.5 inches. Modulus of elastici-
ty in tension was determined by measuring tensile
deformation over a 108-inch gage length.

Knot size data from this study were not included.

Source 7: FPL Beam Study 1969

Bohannan, B., and R. C. Moody

1969. Large glued-laminated timber beams with two
grades of tension laminations. USDA For. Serv. Res.
Pap. FPL 113. For. Prod. Lab., Madison, Wis.

Two by 8 lumber for this study was in 2 species
groups—coast region Douglas-fir and southern pine.
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Douglas-fir was purchased in the Portland, Oregon area
and was selected from production of a faminating plant
over a 5 consecutive-day period. The southern pine
lumber was obtained from five difterent lumber
shipments received by a commercial laminating plant—
sources represented four suppliers in several different
states throughout the South.

Two by 10 lumber was aiso included in this study and it
was obtained in somewhat similar fashion except that
the Douglas-fir lumber was selected in 2 days while the
southern pine was from 2 shipments.

Modulus of elasticity was determined with an
E-computer. Knot data were also collected using the
weighted face method.

Source 8: OSU Beam Study 1969

Johnson, J.

1969. Flexural tests of large glued-laminated beams
made of nondestructively tested lumber. Oreg. State
Univ. Rep. T-26.

Lumber for this study was in two species
groups—Douglas-fir and hem-fir, the latter group con-
sisting of western hemiack and several species of fir.
All lumber was 2 by 6.

Modulus of elasticity values were determined using an
E-computer and knots were measured within the center
20 feet on each 40-foot lamination after end jointing.
The weighted face method was used to measure knot
size.

Source 9: FPL Southern Pine

Moody, R. C.

1970. Tensile strength of finger joints in pith-associated
and non-pith-associated southern pine 2 by 6's. USDA
For. Serv. Res. Pap. FPL 138. For. Prod. Lab.,
Madison, Wis.

Southern pine 2 by 6 dimension lumber was selected to
meet or exceed the AITC 301-67 tension lam grade. The
sample consisted of 12-foot material, selected and
graded by personnel of the laminating ; lant where it
was obtained. No special effort was made to represent
any particular supplier or region. Modulus of elasticity
values were determined from load-deformation plots ob-
tained during tension testing.

Source 10: FPL Beam Study 1970

Moody, R. C., and B. Bohannan.

1970. Large glued-laminated beams with AITC 301A-69
grade tension laminations. USDA For. Serv. Res. Pap.
FPL 146. For. Prod. Lab., Madison, Wis.

Three species and groups of lumber are represented in
this study—coast region Douglas-fir, interior North
region Douglas-fir, and southern pine. All material was
2 by 8. The coast region Douglas-fir was obtained at a
laminating plant in the Portiand, Oregon area. The in-
terior North region Douglas-fir was obtained from a
laminating plant in the Billings, Mont. area. The

southern pine was obtained from shipments by two dif-
ferent suppliers at a laminating plant and represented
two different states.

Each piece of lumber was regraded, weighed, and
checked for moisture content. No modulus of elasticity
data are collected for the lumber. After finger jointing,
each lamination was mapped for knot and finger-joint
location over the center 20 feet of the length. Knots
were measured using the weighted surface method.

The lumber sampie included southern pine graded ac-
cording to SPIB rules (7), coast region Douglas-fir
(WCLIB) (8), and interior North region Douglas-fir
(WWPA) (9). The SL grades were used at the time by
WWPA for classification of structural laminations.
Grades SL1 through SL3 are roughiy equivalent to L1
with varying restrictions for rate of growth, SL4 and
SL5 correspond to L2 and L2D, and SL6 is the same as
L3.

Source 11: Compression Study

Moody, R. C.

1970. One- and two-ply compression study. Unpublished
FPL report.

This study includes four different grades of 2 x 6
material: two of coast region Douglas-fir (L2 and L3)
and two of southern pine (No. 2MG and No. 3MG). The
coast region Douglas-fir was obtained from Oregon or
Washington. The southern pine was purchased from a
milt in Texas.

Modulus of elasticity data for this material was
measured using an E-computer. No knot data were ob-
tained from this study.

Source 12: OSU Beam Study 1971

Johnson, J. W,

1971. Design and test of large glued-laminated beams
made of nondestructively tested lumber. Oreg. State
Univ. Rep. T-27.

The lumber used was in three species categories:
southern pine, Douglas-fir, and hem-fir. All 2 x 6 lumber,
which varied in length from 8 to 20 feet, was separated
into MOE classes using the E-computer plus visual
restrictions. After end jointing into 40-foot laminations,
knots were mapped using the weighted surface method
over the center 20 feet of the outer four compression
and outer four tension laminations of each beam. In ad-
dition, knots were measured in all laminations for one
beam out of each series of six.

Source 13: OSU Beam Study 1973

Johnson, J. W.

1973. Flexural tests of large glued-laminated beams
made from visually graded hem-fir lumber. Oreg.
State Univ. Rep. T-18.

The lumber included 2 by 6 western hemlock and white

fir graded as laminating stock according to WWPA (9)
and WCLIB (8) ruies. Lengths varied from 12 to 16 feet.
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it was purchased as 25 percent No. 3, 25 percent No. 2,
and 50 percent No. 1 or better. The total sample was
collected from five mills in Washington, Oregon, and
California.

Modulus of Elasticity values were determined with an
E-computer, and knot data were not included.

Source 14: Lodgepole Pine Knot Survey

This was a limited sample comprising 1,150 lineal feet
of 2 by 6 L3 lodgepole pine lumber from the Bend,
Oregon area. Lumber lengths included 100 8-foot, 37
14-foot, and 10 16-foot pieces. Knot sizes were
measured and recorded by AITC representatives using
the displacement technique.

Source 15: Eastern Spruce Knot Data

Knot data for three structural grades of 2 by 6 eastern
spruce were collected by representatives of the Univer-
sity of Maine as part of a feasibility study of using
eastern spruce for glulam timber. The displacement
technique was used to measure knot size and no
modulus of elasticity data were obtained.

Source 16: FPL Beam Study 1974

Moody, R. C.

1974. Flexural strength of glued-laminated timber
beams containing coarse-grain southern pine
lumber. USDA For. Serv. Res. Pap. FPL 222, For.
Prod. Lab., Madison, Wis.

Material used in this study falls into three density/rate-
of-growth classifications from the 1970 SPIB rules (7).
dense (D), medium grain (MG), and coarse grain (CG) or
open grain. Three SPIB visual grades (No. 1, No. 2, and
No. 3) as well as 2 AITC tension lamination grades

(301-20 and 301-24) of 2 by 6 southern pine were obtain-

ed from 11 different mills in Alabama, Arkansas, Loui-
siana, Mississippi, and Texas. One mill in Texas sup-
plied most of the No. 3CG material.

Specific gravity and MOE were obtained from
measurements taken with an E-computer. After finger
jointing, knots were measured within the center 20 feet
of each 40-foot-long lamination. The displacement
method was used to. measure knots for tension lamina-
tions and the weighted surface method was used for
the rest of the sample.

Source 17: FPL Beam Study 1974

Moody, R. C.

1974. Design criteria for large structural glued-
jaminated timber beams using mixed species of
visually graded lumber. USDA For. Serv. Res. Pap.
FPL 236. For. Prod. Lab., Madison, Wis.

Coast region Douglas-fir from the Oregon-Washington
area and lodgepole pine from the Bend, Oregon area
were used in this study. Specific gravity and MOE were
determined from data obtained using an E-computer.

After finger jointing the 2 by 6 lumber to 41-foot-long
laminations, knot sizes and finger-joint locations were
measured over the center haif length. For all except the
tension laminations, the weighted surface knot
measurement method was used. The displacement
method was used for tension laminations.

Source 18: Koppers Southern Pine Data

These data collected by Koppers Company consist of
two visual grades (No. 1D and No. 2MG) of southern
pine and one tension lamination grade (301-24) col-
lected at one of their laminating plants. Knot size for
the 2 by 6 lumber was determined using the weighted
surface method, and no modulus of elasticity data were
obtained.

Source 19: Laminated-Veneer Tension Lamination Study
Braun, M. D, and R. C. Moody.
1977. Bending strength of small glulam beams with a
laminated-veneer tension lamination. For Prod.
J. 27(11):46-50.

Douglas-fir 2 by 4 lumber, from Washington or Oregon,
comprised 3 laminating grades (WCLIB). The MOE and
weight of each piece was determined following finger
jointing into 20-foot lengths using an E-computer. Knot
sizes were measured over the middie 10 feet of each
piece using the weighted face technique.

Source 20: Weyerhaeuser Tension Study

Unpublished data on the tensile strength of one-, two-,
and three-lamination members of 2 by 6 Douglas-fir.
Study conducted by Weyerhaeuser Co. (1970).

The test sample consisted of five grades of Douglas-fir,
including two AITC tension lamination grades, selected
from laminating stock during 1969 and 1970. Material
was selected so that members could be fabricated from
either minimum-quality stock in each grade or average-
quality stock. One series was selected for maximum
strength-reducing features permitted while another
series was randomly selected from a large represen-
tative population. All material was grade checked by a
WWPA grader.

As there appeared to be no significant difference bet-
ween the MOE values for the random and low-line
series, they were combined for this report. Knot data
were not included for this study.

Source 21: AITC Joists and Plank

These data were collected as part of a preliminary
study by AITC to characterize lumber grades having
potential for use in the laminating industry in 1975.
AITC representatives measured knots using the
displacement technique in 2 by 6 Douglas-fir in each of
3 visual grades. The lumber was obtained from the
Boise, idaho area and consisted of joist and plank
grades (No. 1, No. 2, and No. 3) of Douglas-fir.




Source 22: AITC Mem-fir Knot Data

This knot survey was conducted by AITC personnel.
The lumber sample was selected at one mill by a
WCLIB representative and consisted of samples (2 by 6
by 16 feet) in each of 2 machine stress rated grades.
Knots were measured using the displacement techni-
que.

Source 23: FPL/AITC Knot Survey of Laminating Grades

Moody, R. C.

1976. A survey of knots in laminating grades of
Douglas-fir and southern pine iumber. Unnumbered
FPL report.

This study was conducted over a 3-1/2-year period ex-
tending from mid-1972 to 1976 in order to develop
representative knot data for laminating grades ot
Douglas-fir and southern pine. All data were collected
by representatives of AITC, and the FPL provided broad
sampling guidelines and analyzed the data to deter-
mine knot-size distribution parameters.

Both Douglas-fir and southern pine were included in
this study. The sampling plan included 5 grades of 2 by
6 lumber in each of these species. Douglas-fir grades
included L1, L1C, L2, L2D, and L3 as described by
WCLIB (8) and WWPA (9). Southern pine grades in-
cluded No. 1D, No. 1, No. 2D, No. 2MG, and No. 3 as
described by SPIB grading rules (7). However, due to a
lack of sufficient No. 3 southern pine material, this
grade was not included in the analysis.

Material for each species was selected at laminating
plants. For the Douglas-fir, 17 plants were represented.
Nine plants were included in the southern pine survey.
For each grade, the total sample consisted of 200
pieces collected during 40 sampling visits to the
participating plants.

The knot sizes were measured using the displacement
technique.

Source 24: FPL/AITC Douglas-fir Joist and Plank
Grades

This study was conducted in 1976 to provide informa-
tion regarding the feasibility of substituting ‘'Joists and
Planks” grades for iasminating grades. The survey, con-
ducted as a cooperative study between AITC and FPL,
evaluated the knot properties of four Joist and Plank
(J&P) grades of Douglas-fir. For each grade the sample
was made up of 50 pieces of 2 by 6 lumber from each
of the 5 mills located in Washington, Oregon, and nor-
thern California. The displacement method was used to
measure knots.

Source 25: AITC Project 77C

The sample included L1 grade 2 by 8 Douglas-fir lumber
ranging in length from 12 feet to 14 feet. The material
was selected trom production at a sawmill in Oregon in
1977.

An E-computer was used 10 measure MOE and board
weight. This study did not consider knot size proper-
ties.

Source 26: MSR Hem-fir

The lumber sample consisted of 4 grades of hem-fir
which was estimated to be about 2/3 western hemilock.
The material was from a single supplier in the
Willamette Valiey of Oregon in 1977. A continuous
lumber tester (CLT-1) was used to classify the material
into MOE classes. it was then visuaily graded and
placed in machine stress-rated (MSR) grades by a
WCLIB grader. Knots were measured over the full
length of each piece by AITC representatives using the
displacement method. Individual modulus of elasticity
values were not determined.

Source 27: FPL Beam Study 1977

Moody, R. C.

1977. Improved utilization of lumber in glued laminated
beams. USDA For. Serv. Res. Pap. FPL 292. For.
Prod. Lab., Madison, Wis.

Several species of 2 by 4 dimension iumber are in-
cluded in this study. Visually graded Douglas-fir was
obtained from northern California. Visually graded hem-
tir lumber was obtained from the Boise, Idaho area.
Mechanically stress-rated hem-fir and Douglas-fir were
obtained from western Oregon. Lodgepole pine lumber
was obtained from eastern Oregon and Engelmann
spruce lumber from Colorado. The southern pine
lumber was selected from material available at a com-
mercial laminating plant and its source was not deter-
mined.

For most grades, weight and MOE were determined
prior to finger jointing using an E-computer. However,
the L3 and No. 3 Douglas-fir and No. 2MG southern
pine were evaluated in 20.3-foot-long finger-jointed
laminations. The weighted face method was used to
measure knot sizes.

Source 28: Vertically Laminated Beams
Woife, R. W, and R. C. Moody.

1979. Bending strength of vertically giued laminated
beams of one to five plies. USDA For. Serv. Res. Pap.
FPL 333. For. Prod. Lab., Madison, Wis.

Lumber used for this study consisted of one grade of
southern pine (No. 2D) from Louisiana and two grades
of Douglas-fir (L1 and L3) from Oregon. Only those
pieces having characteristics, typical of their respective
grades, within the middie half of their length, were in-
cliuded. Ail iumber used was 12-foot iong 2 by 6 dimen-
sion. Weight and MOE were determined using an
E-computer and knots were measured using the
displacement method.

Source 29: Shaliow Beam Study |
Marx, C. M, and R. C. Moody.




1981. Bending strength of shaliow giulam beams of a
uniform grade. USDA For. Serv. Res. Pap. FPL 380.
For. Prod. Lab., Madison, Wis.

Lumber for this study was collected and evaluated
along with the lumber used in source 28. However, for
this sample the length used was 14 feet rather than 12
feet.

Source 30: Shallow Beam Study Il Marx, C. M., and R.
C. Moody
1981. Strength and stittness of small giued-laminated

beams with different qualities of tension laminations.

USDA For. Serv. Res. Pap. FPL 381. For. Prod. Lab.,
Madison, Wis.

The samples of 2 by 6 lumber inciuded southern pine
collected at a laminating plant in Arkansas on two dif-
ferent occasions, and Douglas-tir lumber from Oregon.
The length of the southern pine lumber varied from 8 to
16 feet while the Douglas-tir ranged from 12 to 21 feet.

Lumber grades included AITC's 302-24 tension lamina-
tion (previously 301-24) for both species as well as No.
1D, No. 2D, and No. 2MG grade southern pine and L1,
L2, L2D, and L3 grade Douglas-tir. For the tension
lamination grades, efforts were made to select pieces
of near-minimum quality.

MOE values were determined using the E computer and
knot data are not included.

.
oy F S oy




APPENDIX N

Tabulation of Knot and MOE Data data were determined using only a portion ot the
pieces
This appendix presents a summary of knot and
modulus of elasticity data coliected for seven species in tables 11-4 t0 -7, material 1S ciassilied Dy three sets
groups of lumber of potential vaiue to the glulam in- of numbers The tirst numbers is the nominal MOE of
dustry. Tables lI-1 and Il-2 comprise the two major the grade. This 13 toliowed by a dash and a nominai
species groups, Douglas fir and southern pine. Table bending stress for the grade. A third number In paren:
11-3 presents limited data on visual grades of eastern theses follows which denotes the maximum sdge knot
spruce, Engeimann spruce, lodgepole pine, western size permitted in the grade. expressed as a fraction of
hemiock, and hem-fir lumber. Tables {1-4 to -7 include the width
Dougias-fir, southern pine. hem-tir, and lodgepole pine
graded using MOE as one of the grading criw.._. Moisture content values were generailly determined with
either a resistance Of power 0SS type of moisture
: In tables 1I-1 and 11-2, sample sizes are given in terms ot meter at several locations aiong the ltength of the
: either number of pieces or lineal teet. Number of pieces pteces and averaged Specific gravity values are based
i refers to the sample size used to arrive at the knot on volume at ime of test. and oven dry weight
! data. Generally. when both values are given, the knot estimated from the moisture content

Table ii-1.—Modulus of elasticity and knot properties for visusity graded Douglas-tis

Modulus of elasticity
Adiusted ‘o
12 percont
Sample size Material properties Measured Knot preperties
e ) content
Nominal
3 Classifi- Lineal Moisture Specitic Test ! ) Neesr .
cation Source Pieces ., ’:c"::" content gravity method Average COV' Average COV' Average . . ™
PS' 10° Ibiin.’ Pct 10° vin' Pet - - Pet -
LAMINATING GRADES
1 Unknown 68 363 295
u 7 380 580 2x6 8.0 047 E-comp' 236 160 221 17 4 48 Kk 28 3
7 150 450 2x10 8.2 51 E-comp 227 158 213 171 44 268 223
10 300 2x6 45 264 219
SL1 10 300 2x6 74 292 218
17 181 600 2x6 110 .50 Ecomp 223 159 219 169 60 82 32
L 19 19 190 2x4 9.8 .50 E-comp 242 104 233 111 83 363 280
20 42 2x6 12 49 Tension 222 1519 214 -
23 2,910 2x6 64 87 R3
L1C 23 2,870 2x6 74 398 324
(25 254 2x6 1.7 50 E-comp 234 144 233 154
27 134 450 2x4 12.0 .54 Ecomp 233 20t 234 21.2 43 350 07
L1 - 28 684 6,768 2x6 8.0 .49 E-comp kR 296 265
29 9260 2x6 9.2 .50 Ecomp 233 166 222 17.4 46 ne 273
30 151 2x6 12 .49 E-comp 227 145 226 159
1 Unknown 104 433 299
L2 d 7 351 800 2x6 6.4 44 Ecomp 200 158 184 17.0 85 426 KB
7 97 360 2x10 6.6 48 Ecomp 198 144 182 15.5 78 399 R21
10 400 2x6 9.2 450 358
SLS 10 600 2x8 127 468 341
(Page 1 of 3
10




Tabie §-1. —Matius of clasiisily and hnet prapestins lor visuslly grades Souglas-iv—een.

Uatuiye of slagtiviy
Ajusted %
Samgie um Watesiel graperties Geaswes 12 paseant Anst prapertine
ontant
Closmn- Unes MRS e pesite  Tem cov cov [ ,
ot owee Resm '-I contamt gudly methes SONO fsnpe A st
[ ] Whia:' M Whin' Met - - [ ] - -
LAMINATING GRADES —contnued
1 21 2x6 114 ® Ecomp 199 13a 98
L2 17 134 1 700 256 99 L] € comp 183 163 (44 - 96 541 @S
Medium | 20 4 2:8 12 @ Tenson 214 186 207
3 2.900 226 "o %02 »2
27 90 900 2x 4 101 -~ Ecomp 202 186 198 197 54 o077 5 )
L0 1"s 2x 6 10 4 Ecomp 177 120 3 131
~7 | 300 2268 10.3 $1 228 154 21 : 87 7 Q
19 » 80 2% 4 98 @ Ecomp 194 134 109 144 97 “s »
L2 23 2.950 2x8 [ %] 7 72
Dense 27 133 480 2x 4 28 s 218 231 6.0 L X} @4
L3O 7 218 12 49 Ecomp 202 138 202 148
1 Unknown "3 59 ®0e
7 804 1,380 2x6 58 «Q E-comp R4 16.7 158 179 e 51 Qs
4 108 990 2110 8.7 47 Ecomp 168 185 1.58 201 96 478 32
10 - 700 2x 6 112 6.2 520
11 9% 2x6 128 4“4 1.00 14.2 163 149
L3 - 17 N 400 FEY "l % Ecomp 183 %0 1.8¢ 111 [ X} 579%
[ 19 9% 950 2n 4 10.2 47 Ecomp 1.04 14.2 161 147 97 5335 Qe
23 2.940 2x 8 116 580 L ¥}
27 237 2,400 2n 4 1e 51 Ecomp 202 1668 201 197 8.2 [ Y] 589
28 504 8818 2x 8 83 «® E-comp 63 507 444
2 120 980 2x6 74 50 Ecomp 1.81 177 w0 18.4 "s 579 LX)
L3 200 2x6 1 8 Ecomp 168 180 168 206
SL6 10 800 2x6 119 480 »
(Page 201 J)
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Table V. —Mintuius of clostislly ond tnet grapieting tor visuslly graded Bougles-tiv—een.

Wty gty
Afjustes &
2 paem
L
Closuss Nogs 00 ot wsstwe Gpeste o oov: oov ~e ,
[ o T s gety s tmng M ptnm ™
o wanm' fm WwWan' fwm _— e -
JOIBTS AND PLANK GRADES
8 b ] o 218 2 ® Tenpon 227 172 228
4,183 2x 8 [ Y] »n3 »7
No | an 0 2l 02 3”3 ano
. 4207 22 8 [ ] ] a7 ”)
No 2 2 2 2:6 0.0 a74 N
F .20 22 8 w0e e ®7
H w3 » 218 e @2 M
b 4190 FE Y ] 0e %7 -3
TENGION LAMINATION GRADES
01487 7 19 0 1 ¥ ) [V ] 2 Ccomp 23 182 218 1 ¥ ) e) 3 ar
0. 14 AL 9 2= 00 0 Coomp 208 117 284 123 32 n 178
7 . 2510 88 83 Ecomp 23 12) 28 18
301-24 17 » 200 20 101 a2 Ecomp 228 158 28 "%w? 39 M2 0
301-30 17 27 200 2x @ 106 1) kcomp 20 132 204 138 81 s 33
A 2 " 220 2 8 Temswon 244 189 244 .0
e 0 L)) 2268 12 2 Tension 298¢ W7l 28 07
301-24 8 20 2n 8 13 81 Ecomp 24 129 28 129
302-24 » | ] 28 13 1) Ecomp 2% 140 294 193
179 2468 L 8
172 2% ”e
148 23 149
159 2 w2
87 180 192
Page 3ot B




Yatis 84 —iladuius of slastiolly end tnet grapevtine for Wauslly graded souther gine

] 28 a7 81
3 w0 t Y] s o Nt ‘% wWs e
Gdpe ‘80 WO '@
3 L] 2:0 W3 » (] " W =
Gage 108 70 B
e 0 7T 2:® 122 28 Gesmp ' WS 20 WO
17 210 W8 @ Beamp 17 W2 11 W
% 8 M =0 e 28 Gesmp 2100 VO 280 - ¥ ) ®ny B
% w 26 [ §] 7 ] L 1)
] 2800 2:0 22 nes N4
n " 2nd " 4 Geamp 28 4 29
(39 W 2:s6 w 5 Gesmp 1M WH B WO
EEK ) axe 127 7 Mt 1 8 '8
Glge '8 B '8
3 - 2né "wr M OCmp te M9 '8
3 L 2:80 124 n st 12 %W 8
Gdpe 16 2WI
e W0l 4 ) » 30 % 28 Camp 90 800
4 » e Geamp 8¢ N7 200 W2
r b ) 22 %0 Geamp 200 ' 2 NI
w " o 29 120 28 Geamp '\ Wt 1N = (¥ [ §] %S
8 L7 2x6 t v B M8
L " x4 " @ Geamp N W '@ -
Tage ‘ol @
i
90




Table -2. —Meduiue of clastielty and knet praperties for visusily graded southorn pine—esn.

—— Wodviweotolectely
Adjusted
Semple oim Woteriel prapenties Mosowed "x Knot prepertiss
oontent
Claseis- Unogt ORI popire Sposifis  Temt cov cov Meor
cotign Sowee Pesss ., “.ll contont guvily mothes WONO® Averege Mg i WV
L} Whin' Pt Whin' Pt === Pt -
LAMINATING GRADES —oontinued
1 55 “r 28
3 100 2x4 128 53 Flat 109 190 110 -
Gdge 167 190 168 —
3 100 2x08 123 53 Flat 170 190 n -—
Edge n 190 1172 -—
4 | ] 2x4 122 52 Tension 173 239 174 239
Flat mm 218 20
4 o 220 122 A3 Tension 177 190 178 19.1
Fiat 170 169 w1 17.1
4 «® 2x8 122 81 Tonsion 1358 209 187 21.0
No. 20 - Fiat 159 196 100 19.7
[ ] 100 2x4 120 54 Fiat 182 1186 182 186
) 100 2x8 18 .54 Fiat 1.8 193 1.0 198
14 442 000 2x6 123 57 Ecomp 183 167 184 178 [ X) 80.4 498
14 1% a0 2z 128 N Eoomp 163 188 108 18.1 [ X.] kX 3.1
] 200 28 8.3 80 30.7
. 108 300 2x6 "1 S8 Eoomp L77 6 174 10.0 61.0 81.0
o 2420 2x6 [ B] 520 Qa9
8 $12 6,08 2x6 "3 5 Eoomp 173 184 V72 183 5.8 520 4.0
» 0 %2 2x6 [ 1] 208 Scomp 173 160 100 10.0 9.3 534 44.1
| 30 174 2x6 10.0 52 GEGocomp 172 8 167 227
3 100 2x4 12.8 8 Plat 188 100 188 -
Edge 154 190 188 -
3 90 2x4 128 50 Comp 1886 220 188 -
3 100 axé 1.4 .2 Flet 160 10 198 -
No.2 o Gdge 182 170 160 —
) 3 ] 2ne 1.8 K Comp 163 220 142 -
3 100 2x8 123 52 Fiat 18 W0 1@ -
Gdge 183 200 104 -
3 o ansd "o a2 Comgp 18 220 18 -
L 11 wr 2x8 8.2 4 Goomp 211 12 200 -

(Page 2 01 &)




!
Tabie 4-2.—Modulue of slastiolty and hnet properiics for visuslly graded seuthem pine—esn.
— Wodvmolelestiely |
Adjusted to j
Sample sine Materiel prapentios Messwed ':*-."""' Knet praperties '
contont
Claselt- Unoet  NOminel oo Sposifis  Temt oov cov Newr
cotion S0wes Plosss ., "'"" contont gravily mothes AOROS Averege R i
ot whia' Pt B Pt -~ M -
LAMINATING GRADES—oontinued
7 a7 2220 2x8 11 4 Ecomp 140 182 147 10 109 %S s
7 8 15% 2x10 123 51 Ecomp 144 185 148 192 03 ©®y M8
! 10 1400 2x6 63 ®2 8
J 11 138 2x8 12 52 Eocomp 100 9.0 100 9.0
No. 2MG - 16 320 800 2x6 109 4 Ecomp 150 188 148 0.3 80 &7
18 4100 2x8 9.0 85 a9
<] 2,600 2x8 1.7 4.4 87
a7 180 900 2x 4 10.4 41 Ecomp 183 173 1.0 [ 1) 8.7 ®.1
[30 1,008 2x6 9 48 Ecomp 140 01 133 197 ;
I No.2CG 16 48 2400 2x6 %8 4 Ecomp 111 20 107 - 0.7 878 @
1 .3 [ %, 87.4
3 100 2x4 123 52 Fist 143 220 16 —
Edge 140 220 1.4 - <
3 100 2x 4 1.8 52 Comp 14 2380 160 -
No.3 3 100 2x8 121 ™ Fist 117 280 197 —
Bdge 129 200 19
3 50 2x8 107 53 Comp 146 210 142 —
7 o 2x8 123 51 Ecomp 148 233 148 280
| 4+ 24 M9 81 Fit 154 283 154 283
Tonsion 1486 101 1.8 103
4 ®w 2x8 124 52 Fist 158 228 199 29
No. IMG Tonsion 18V 278 183 e
11 138 2x e 4 Ecomp 186 200 1.7 200
No.3CG 18 438 2,400 2xe | X | “® Ecomp 123 192 1.1 - 108 8.1 w3
Pege lot g




Table -2 —Moduiue of clestisity and hnet preperties for visuslly graded southern ping-—een.

—_— Voo oiclestiely 2
Adjusted o
Semgle sie Waterial praparties Messwred ‘m Knot prepertios
content
Closh e U Noming! poiouwre Gpooitic  Tomt ooV cOv Mg "%
oation oot .:: contont grovily mathed VNP Avesage mcuimem W
L. Whia' Pt WRE' P --~ P -
TENSION LAMINATING GRADES
01+ 7 9 128 2x6 12.0 S Tension 1800 102 100 118 10 o 8.1
0 L ] 2x8 128 58 Tension 219 112 220 108
301-PA ] » 2x6 121 51 Tonsion 1.74 18.1 1.74 14.4
M0+ ] 4 2x6 121 56 Tenslon 2.17 183 21 168
MW+P ® a1 2x8 120 A2 Temsion 200 163 200 18.9
0187 7 14 2x6 12.14 88 Tension 214 122 21§ 123
7 18 2x10 10.73 53 Tension 216 107 2.v7 120
301-20 16 3 200 2x8 1.0 51 Tension 178 234 178 24.2 8.3 LA 4.8
16 27 200 2x6 18 886 Tension 211 185 215 196 4.2 306 204
3014 10 200 2x8 2.3 2.1 28
0 27 2x6 10 54 Eocomp 198 164 193 17.1
' COV = coefficient of variation (standard deviation divided by the mean).
* hy = the difference between neer maximum and average sum of knot sizes. (Page 4 of ¢)
' g-comp = E-computer, Flat and Edge refer to static bending test and comp = compression test.
Table #-3.—Moedulus of clestiolly and knot prepertios for other sposies of visusily graded lumber
Modulue of clostielly
Adjusted to
Semple sise eterial prapertios Mesowred 'm Knat prepertios
oontont
Classit Linget NOmINSl \orre Spoeitie  Tomt cov cov Noer \
cotton Sowee Plooes :“.'. contont grevity mothes TP Average ANre®  pssimum
o 1R Pot MR’ Pt — == Pt  — -
ENGELMANN SPRUCE
L3 F 44 163 300 2x4 124 040 Ecomp 120 149 1.1 15.4 16.0 s14 4.4
N3 n 342 2x4 10.3 . % Ecomp 122 170 19 178
EASTEAN SPRUCE
L) 18 2,400 2x8 8.2 40.2 320
N1 15 2,008 2x6 139 474 35
N2 1% 2508 2x6 15.9 838 7.7
LODGEPOLE PINE
9 " 1,180 a2x8 230 788 858
L3 7 004 3,000 2x6 10.3 43 Ecomp* 1.1 231 108 - 26 [ <X ] 29
HEM-FIR
Lt 13 » 00 2x6 Ecomp 198 163 184 -
t! ” " 2x4 10.0 3 Eoomp 1858 140 180 140
1
Oenee 4 [ -] 10 2x4 10.2 3 Eocomp 164 120 180 122 112 ®3 N




Tabis N-3. ~Modulne of clasticlly ond tnet prepertios for other epecins of visuslly graded lumber—eon.

Sotuius of sisstioly
Adjuated to
Semple sie steriel prepeviies Sesowed '::':' Knst prepartics
—_Sentont
Closei Unoat MNomiNel oprre Spositis  Tom oov cov o
cstion Sowme Pses —n, osstest ety methes Averge Average AR  oimum
L] wem' fu W' e --- P -
HEM-FIR—ocontinued
2 179 o0 1000 2x8 Eocomp 174 174 102 -
L2 a7 2 40 2x4 9.0 38 Ecomp 127 146 1.2 15.4 "1 14 503
L3 13 140 1300 2x8 Ecomp 172 196 1.0 -
L3 a7 273 1,800 2x4 9.0 k] Eocomp 120 148 118 18.1 13.0 8.1 540
CANADIAN WESTERAN HEMLOCK
A 2 842 2x6 23 15 14.2
A 2 612 2x10 2.1 110 [ X )
[} 2 503 2x6 81 20 240
8 2 608 2x10 62 28 204
C 2 608 2x6 10.4 4.2 re
c 2 647 2x10 96 32 28
[+] 2 847 2x8 13.0 e 479
D 2 o71 2x 10 10.1 4“8 344
' COV = coefficient of variation (standard deviation divided by the mean).
! hy = the ditference between near maximum and average sum of knot sizes.
' E-comp = E-computer.
* Adjusted MOE dased on average MC rather than individual values.
(Page 20t 2)




W——
Tehie 4. —inet propentiss for Seated grades of Bouglos-fir
- Knst properties
sostion
o
14 - (V1 8412 1420 2x6 12.4 80.4 a.
18 - 900 (V2) 8+ 12 00 2x8 142 a2 @3
2.0 - 900 (v2) 8+ 12 20 2x8 100 'Y %.7
24 - %00 (V2) s+ 12 240 2x0 10.1 81.4 e
7 300 2x4 97 s Y
18 - 1800 (V4) s+ 12 240 2x8 170 0.9 Q9
24820 - 1800 (V) s+ 12 1,120 228 43 Y 26
| 18 - 2100 (V@) s+ 2 20 2xe 10 “4 %4
i 2.0 - 2400 (1) s+ 12 0 2x6 se @7 3.2
| 27 300 2x4 a4 ey %8
i momeom et ® Bt 8B @ o®
2.4 - 3000 (V8) 8+ 12 240 2x6 a2 %0 28
26 - 3300 (V) 8+ 12 080 2x8 a3 ) 208

' hy = the difference between near maximum and average sum of knot sizes.

Tabis N-8.~Knet prepertios for E-rated grades of southern pine

Sample
sios Knot pregertios
section
—— — ———— -ﬂ o e o o o ——

12 - %0012 12 320 2x8 " s 5.7
18 - 900 (12 12 480 2x8 104 753 )

27 300 2x4 04 586 o
20 - 900 (112 12 200 2x8 04 748 6.1
22 -900 (112 12 240 2x8 7.1 s8.4 51.3
18 - 2100 (110) 2z 300 2xs 50 a3 as ‘
18 ~ 2200 (10) 12 480 2xe ) 676 587
20 - 2400 (10) 2z 300 2x4 24 2 194
20 - 2800 (118 12 240 2x6 as .4 26
22 - 2800 (1) 12 240 2xe 38 w9 3.4 ‘

' hy = the difference between near maximum and average sum of knot sizes.
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Tobie -8.—Knst proportias for E-rated grades of hom-itr

L Sample
‘ L] Kaot prepertics
~ Nemingl
ClassiNostion Sewoe  Pleses ":':." oress Average ..':.. hy'
—m—mecee—— P —————————
1.3 - 900 (VD) 8+ 12 320 2x6 116 549 433
1.5 - 900 (1/2) 8+ 12 200 2x6 a7 413 ue
2 100 1,508 2x6 (T ] 4.2 N4
1.8 - 900 (VD) 8+ 12 1,200 2x6 4.7 .2 . %)
26 100 1,440 2x6 99 6268 82.7
7 300 2x4 6.0 4.7 3.7
1.4 - 1800 (1/4) 8 + 12 1,600 2x8 179 «©0e 417
1.5 — 1080 (1/4) 28 100 1,820 2x8 8.5 »e 3
1.5 - 1800 (1/4) 8+ 12 2400 2x8 28 322 20
1.6 - 1800 (1/4) 8+ 12 2400 2x6 1.2 kX J 2.7
1.8 - 1800 (1/4) 8+ 12 480 2x6 4.4 8.7 323
1.8 - 2100 (18) 8+ 12 1,200 2x6 3.7 3 28
2 k) 408 2x6 8.7 33.4 2.7
28 100 1,440 2xé 6.0 427 3.7
7 180 2x4 X ] 1.0 B4
2.0 - 900 (V/2) 8 + 12 1,200 2x8 4.7 34.2 285
2.0 - 2400 (1®) 8 + 12 1,420 2x8 32 2.4 2.2
2 N 498 2x6 5.2 6 254
27 150 2x4 54 2.3 29
' hy = the difference between nesr maximum and average sum of knot sizes.
)“
I Toble i#-7.—Knet propertise for E-rated grades of ledgepele pine
| Somple
| ) Knot propertics
Nemine! Near
f Claseificstion Source ":'.':'" oress Average maxiom '
|.. .."."
—————— e P — e ————
f 1.3 - 900 (V) 8 + 12 2400 2x 8 16.0 578 “®e
i 1.5 - 900 (VD) 8+ 12 480 2n6 148 566 “s
‘ b14 300 2x4 178 7.4 54.1
1.7 - 900 (VD) 8+ 12 240 2x6 148 e ®.1
| 1.3 - 1480 (1) 8+ 12 240 2x8 181 00.4 422
‘ 1.5 — 1480 (1/3) 8+ 12 420 228 133 51.3 3.0
1.5 - 1080 (173 n 150 2z 4 "s 471 %3
1.7 - 2080 (1/4) 8+ 12 240 2x8 %8 833 3.4
1.8 -2100 (1) n 150 2x 4 1.4 43.7 343

'y = the difference betwesn near maximum and average sum of knot sizes.
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